Background: Previous studies have revealed that ankylosing spondylitis (AS), as the progenitor of axial spondyloarthritis (AxSpA), has been characterized by the insidiously progressive nature of sacroiliitis and spondylitis. Dual-energy computed tomography (DECT) has recently been used to analyse the deposition of monosodium urate (MSU) crystals with higher sensitivity and specificity. However, it remains unclear whether the existence of the MSU crystal deposition detected by DECT at the sacroiliac joint in patients with AxSpA also is associated with the existing structural damage.
Background
The term spondyloarthritis (SpA) encompasses a group of diseases including axial SpA (AxSpA) and peripheral SpA, classifications which have been proposed by the Assessment of SpondyloArthritis International Society (ASAS) [1, 2] . It is estimated that SpA, with an incidence between 0.5 and 10.6 per 100,000 people per year, affects approximately 0.4-1.9% of the population across the globe [3] . In addition to what is now known as nonradiographic AxSpA (nr-AxSpA), ankylosing spondylitis (AS) has been characterized by the insidiously progressive nature of sacroiliitis and spondylitis, which leads to a significant reduction in quality of life and an increased mortality rate [4] . Although the aetiology and pathogenesis of AxSpA has not yet been fully elucidated, the current view is that it involves both inflammatory erosive osteopenia and unusual bony overgrowth [5, 6] . Precisely because the primal mechanism in autoimmune disorders is the loss of tolerance to self-proteins by environmentgene interactions, the coexistence of different rheumatic diseases is common. For example, AS grouped under the term AxSpA occurs in patients with rheumatoid arthritis (RA) [7, 8] , gouty arthritis [9] , multiple sclerosis [10, 11] , and systemic lupus erythematosus [12] .
There are few epidemiological publications regarding the coexistence of AxSpA and gout, but the study has revealed that AS concurrent with gout is more common than previously believed [9] . Although AxSpA and gout are two distinct rheumatic diseases, they share a few clinical characteristics, including inflammatory joint pain and excellent response to non-steroidal anti-inflammatory drugs (NSAIDs). AxSpA usually leads to structural damage and functional limitation, exemplified in patients with AS [13] . At the same time, structural joint damage is also frequently observed in patients with advanced gout as a result of monosodium urate (MSU) crystal deposition [14] [15] [16] . Therefore, in patients with coexisting AS and gout, it is hard to discriminate whether the inflammatory joint pain and structural joint damage are due to AS disease activity, the MSU crystal deposition, or both.
Dual-energy computed tomography (DECT) has been used to analyse the deposition of MSU crystal with high sensitivity (100%) and specificity (89%) [17] . The sensitivity and specificity of DECT for gout were only 0.87 and 0.84 [18] , because the deposition of MSU crystal is a necessary but not a sufficient condition. Besides, DECT MSU crystal deposition was observed in both multiple joints and soft tissues in patients with asymptomatic hyperuricaemia, and was associated with increasingly severe coronary calcification [19, 20] . In addition, our study found a large quantity of MSU crystal deposition with DECT in AxSpA patients without coexisting gout, according to the 1977 American Rheumatism Association classification criteria [21] . However, whether the existence of MSU crystal deposition in those patients has contributed to the structural joint damage is still unclear.
The purpose of our study was to show the DECT MSU crystal deposits at the pelvis in AxSpA patients without coexisting gout, and further to analyse whether the MSU crystal deposition at the sacroiliac joint is associated with the structural joint damage of the sacroiliac joint in those patients.
Methods
One hundred and eighty-six patients with AxSpA were recruited from rheumatology clinics at Nanfang Hospital in China during the period of October 2012 to July 2015. All participants had AxSpA described by the ASAS classification criteria [1, 2] and had not been diagnosed with gout, according to the 1977 American Rheumatism Association classification criteria [21] .
The plain radiographs of the sacroiliac joint, a DECT scan of pelvis, and the clinical variables were obtained at a follow-up appointment. In brief, each sacroiliac joint on a plain radiograph was graded on a scale of 0-4 according to the modified New York criteria [22] . DECT scans were performed on a dual-source X-ray tube 128 detector row scanner (Somatom Definition Flash, Siemens Healthcare, Erlangen, Germany). All scans were performed using the same image protocol: acquisition at 128 mm × 0.6 mm and pitch of 0.7. The two X-ray tubes are operated simultaneously at 80 kV and 140 kV. The image reconstructions were done using proprietary software (Siemens Multimodality Workplace, Software version MMWP Syngo CT 2010A, Siemens Healthcare, Erlangen, Germany), with a 512 × 512 matrix, to 0.75mm slices, with a 0.5-mm increment. The parameter ratio for urate was set at 1.28. Two readers, blinded to the clinical variables and plain radiographic scores, evaluated the DECT scans for the presence and volumes of MSU crystal, independently. MSU crystal was considered present at each site only if reported by both readers and the average volume of MSU crystal was calculated [23] .
The clinical variables, including age, gender, AxSpA disease duration, HLA-B27 positivity, erythrocyte sedimentation rate (ESR, mm/h), C-reactive protein (CRP, mg/l), total back pain (10-cm visual analogue scale, VAS), patient's global assessment (PGA) of disease activity (10-cm VAS), pain and swelling of peripheral arthritis (10-cm VAS), duration of morning stiffness (10-cm VAS), use of non-steroidal anti-inflammatory drugs (NSAIDs), use of disease-modifying anti-rheumatic drugs (DMARDs), use of biologic DMARDs, serum uric acid (μmol/L), MSU crystal positivity, and volume of MSU crystal (cm 3 ) were all assessed. In addition, the Ankylosing Spondylitis Disease Activity Score (ASDAS) [24] and the grading for disease activity [25] were calculated as previous study. The Bath Ankylosing Spondylitis Functional Index (BASFI) scores were calculated according to the average scores of ten questions [26] .
All statistics based on the left or right sacroiliac joint damage grading were calculated independently with IBM SPSS (Version 20.0, IBM Corp., Armonk, NY, USA). Measurement data were presented as mean ± standard deviation (mean ± SD) or with a 95% confidence interval (CI), while count data were presented as numbers (n). One-way analysis of variance (ANOVA) was used to evaluate the statistical differences among groups. The non-normal distribution measurement data were tested with the Kruskal-Wallis rank-sum test. To count data, Pearson's chi-square (x 2 ) and Fisher's exact test were used for the comparison. Interobserver reproducibility for the volume of MSU crystals by two readers was assessed by the intraclass correlation coefficient (ICC) and limits of agreement by Bland-Altman analysis [27] . The ICC values, 95%CI, and the p values were reported. Spearman's correlation analysis was performed to evaluate the association between serum uric acid and the average volume of MSU crystal. Spearman's rank correlation coefficient (r) and p values were reported. Bivariate analysis was performed between the clinical features and radiographic grades. The odds ratios (OR) and its 95%CI were reported. In addition, the ordinal logistic regression was used to identify the effect of each potential factor adjusted for others. Variables with p < 0.05 in bivariate analysis were included in the ordinal logistic models. The adjusted odds ratios (AOR) 95%CI were reported. A test of parallel lines was also performed to evaluate the appropriateness of the ordinal logistic model. A p < 0.05 was considered statistically significant. All p values were two-tailed.
Results

Clinical characteristics of the patients with AxSpA
The 186 patients' clinical features are shown in Table 1 . Patients were predominantly young males and were HLA-B27 positive. Mean disease duration was 4.3 years, mean ESR was 25.1 mm/h, and mean serum uric acid was 362.7 μmol/L. The median ASDAS scores and BASFI scores were 2.7 ± 1.1 and 4.3 ± 1.1. Seventeen and fifty-seven patients had never used NSAIDs or biologic DMARDs. Seventeen patients had used DMARDs for less than 3 months. Large quantities of MSU crystal deposition detected by DECT were found at the pelvis in AxSpA patients without coexisting gout. The positive rates of MSU crystal at the sacroiliac joint, hip joint, and pubic symphysis were 111 (29.8%), 75 (40.3%), and 63 (33.9%). The average volumes of MSU crystal at the sacroiliac joint and pelvis were 0.29 ± 0.99 and 4.37 ± 8.46 cm 3 .
The statistically significant results were found among the radiographic grade group at the left or right sacroiliac joints for disease duration, ESR, CRP, total back pain, PGA of disease activity, duration of morning stiffness, ASDAS scores, BASFI scores, use of NSAIDs/ DMARDs/biologic DMARDs, as well as the presence and volume of MSU crystal on the left and right sacroiliac joints (p < 0.05) ( Table 1) .
Reproducibility of DECT MSU crystal volume measurement and correlation between the average MSU crystal volume and serum uric acid
Of the patients who showed the presence of MSU crystal deposition, 57 showed deposition at the left sacroiliac joint, 54 at the right sacroiliac joint, and 154 at the pelvis. The interobserver reproducibility analysis is shown in Table 2 . ICCs for MSU crystal volume measurements at the sacroiliac joint and pelvis were all greater than 0.99 (p < 0.001). Bland-Altman plots illustrating the interobserver limits of agreement for MSU crystal volume measurements are shown in Fig. 1 . The average MSU crystal volume measurements at the left sacroiliac joint, the right sacroiliac joint, and the pelvis were 0.902 ± 1.345, 1.074 ± 1.878, and 5.272 ± 9.044 cm 3 . For further analysis, the serum uric acid concentration was correlated with the volumes of MSU crystal at the left sacroiliac joint (r = 0.727, p < 0.001), the right sacroiliac joint (r = 0.740, p < 0.001), and the pelvis (r = 0.896, p < 0.001) ( Table 2) .
Comparison of MSU crystal deposition and serum uric acid in patients grouped by ASDAS scores
According to the ASDAS scores, all patients were divided into four groups ( Table 3 ). The presence of MSU crystal deposition at the left and right sacroiliac joints showed statistical differences among groups (x 2 = 11.451, 43.684; p = 0.010, <0.001). However, there was no statistical difference among groups at the hip joint and pubic symphysis for the presence of MSU crystal deposition (x 2 = 0.676, 0.549; p = 0.879, 0.908). Statistical differences were found in regards to the volumes of MSU crystal at the left sacroiliac joint (Z = 9.198, p = 0.027), the right sacroiliac joint (Z = 34.607, p < 0.001), and the pelvis (Z = 10.517; p = 0.015). In addition the ANOVA tests revealed that the serum uric acid concentration was statistically different among groups (F = 6.322, p < 0.001).
Unadjusted associations of clinical features with the grade of sacroiliac joint damage
In bivariate analysis (Table 4) , wide clinical variables were associated with the changes in sacroiliac joint damage based on the radiographic grade at the left sacroiliac joint. The OR scores were 1.189 (95%CI 1.103-1.283) for disease duration, 1.024 (95%CI 1.011-1.037) for ESR, ). However, the changes in left sacroiliac joint damage were not significantly associated with age, gender (male), HLA-B27-positive status, any use of NSAIDs, use of DMARDs more than 3 months, serum uric acid, MSU crystal on the hip joint and pubic symphysis, and volume of MSU crystal on the pelvis. The same trend results were obtained in bivariate analysis for the changes in sacroiliac joint damage at the right sacroiliac joint.
Adjusted associations of clinical features with the grade of sacroiliac joint damage
In the ordinal logistic models, variables with p < 0.05 in bivariate analysis were included (complex model 1 and 3, Table 5 ). For the radiographic grade at the left sacroiliac joint, the adjusted factors were AxSpA duration, total back pain, BASFI score, and the volume of MSU crystal at the left sacroiliac joint (AOR = 1.187, 1.428, 3.837, 2.018; 95%CI 1.089-1.294, 1.040-1.962, 2.263-6.506, 1.144-3.560; p < 0.001, p = 0.028, p < 0.001, p = 0.015). The same adjusted factors were obtained at the right sacroiliac joint, except the variable of total back pain. The AOR values were 1.188, 3.092, and 1.387 (95%CI 1.090-1.295, 1.896-5.044, 1.022-1.882; p < 0.001, p < 0.001, p = 0.036) for the variables of AxSpA duration, BASFI score, and the volume of MSU crystal at the right sacroiliac joint. In addition, the simplified models (simplified model 2 and 4, Table 5 ), which excluded the repeated variables of the ASDAS score and presence of MSU crystal deposition, were also performed. The AxSpA duration, BASFI score, and the volume of MSU crystal at the left sacroiliac joint (AOR = 1.180, 3.800, 1.920; 95%CI 1.086-1.283, 2.250-6.417, 1.209-3.049; p < 0.001, p < 0.001, p = 0.006) were associated with the progress of radiographic grade at the left sacroiliac joint after being adjusted for other potential factors, while the duration of morning stiffness was a protective factor (AOR = 0.682, 95%CI 0.494-0.942, p = 0.020). In the simplified ordinal logistic model at the right sacroiliac joint, AxSpA duration, BASFI score, and the volume of MSU crystal at the right sacroiliac joint were the main factors when others factors were adjusted (AOR = 1.190, 3.034, 1.418; 95%CI 1.096-1.293, 1.870-4.922, 1.075-1.870; p < 0.001, p < 0.001, p = 0.014).
The test for parallel lines was not significant in the complex model 1, simplified model 2, and simplified model 4 (x 2 = 34.904, 13.028, 40.234; p = 0.773, 1.000, 0.288), which suggests that the models are appropriate. However, the parameter estimation is less stable for complex model 2 (x 2 = 59.877, p = 0.036).
The MSU crystal at the sacroiliac joint with radiographic sacroiliac joint damage in four separate patients with AxSpA
Examples of corresponding radiographic and DECT images of affected sacroiliac joints are shown in Fig. 2 . Four male patients (patient 1-4), aged 36, 44, 23, and 27 years old, had serum uric acid levels of 407 μmol/L, 370 μmol/L, 572 μmol/L, and 464 μmol/L, respectively. As seen in Fig. 2a , four AxSpA patients were graded with a scale of 0, 0, II, III at the left sacroiliac joint and 0, I, II, III at the right sacroiliac joint, respectively, on plain radiographs. A large quantity of MSU crystal deposition was found at the sacroiliac joint or the surrounding area (Fig. 2b) . The close relationship between MSU crystal deposition and radiographic structural damage (erosion, joint space narrowing, and new bone formation features) is shown at the sacroiliac joints of patients 2-4 ( Fig. 2c-d ).
Discussion
The umbrella of AxSpA encompasses both nr-AxSpA and classic AS by ASAS [1, 2] . However, the range of diagnoses for AxSpA may cause difficulty among a large population with back pain, especially with sacroiliitis in gout or crystal deposition diseases [28] . First, the publication of classification criteria for AxSpA has produced some false-positive and false-negative cases, due to the way that the aforementioned diseases may mimic AxSpA in clinical manifestations. Second, the coexistence of AxSpA with other rheumatic diseases is common. For example, with an increasing mean age of AS onset and a decreasing mean age of gout onset [29, 30] AS coexisting with gout is more common [9] . Finally, at a certain stage of disease duration in AxSpA patients without the gout history, the deposition of MSU crystal may only be transient, which is hard to detect with traditional radiology methods, but has a positive impact on disease progression. Fortunately, the recently developed DECT imaging method has provided higher sensitivity and specificity for MSU crystal deposition in patients with symptomatic gout and asymptomatic hyperuricaemia [19] . Therefore, a DECT finding of MSU crystal deposition has been included in the 2015 American College of Rheumatology and the European League Against Rheumatism (ACR/ EULAR) gout classification criteria [31] . Although a subclinical MSU crystal deposition by DECT is insufficient for a diagnosis of gout, those depositions are, in fact, widespread in the body of patients or even normal individuals. A previous study reported that 20% of hyperuricaemic RA patients show DECT MSU crystal depositions, which are significantly associated with seronegativity [32] . Moreover, MSU crystal deposition was also observed in multiple joints and soft tissues of the body in patients with asymptomatic hyperuricaemia and was associated with increasing severity of coronary calcification [19, 20] . Indeed, we have found a few cases of MSU crystal deposition depicted in green with DECT at painful joints or skeleton regions not only in patients with asymptomatic hyperuricemia, but also in patients with iliac condensing ostitis, reactive arthritis, osteoarthritis, rheumatoid arthritis, and AxSpA in our clinical practice, when patients were considered for other causes of inflammatory activity. It may be meaningful that the MSU crystal deposited at those joints or skeleton regions. Those depositions may be involved in the process of inflammation and bone destruction in primary diseases. In this study we reported that a large amount of MSU crystal deposition detected with DECT was in pelvic, hip joint, and sacroiliac joint regions in AxSpA patients without gout. Those findings indicated that it might be easy to ignore these regions in patients with AxSpA when it coexists with MSU crystal deposition, which may play an important role in the occurrence or development of the disease.
As is commonly known, hyperuricaemia and MSU crystal deposition are the central risk factors for development of gout. Three stages of MSU crystal deposition have been proposed: reduced urate solubility, MSU nucleation, and MSU crystal growth [33] . But there is no inevitable corresponding relationship between hyperuricaemia, MSU crystal deposition, and gout. For example, a recent study has shown that imaging evidence of MSU crystal deposition appears only in 24% of asymptomatic patients [23] . In addition, our study also found MSU crystal deposits in AxSpA patients without gout history. Further analysis revealed that serum uric acid concentration was correlated with the volume of MSU crystal at the sacroiliac joints and the pelvis. Therefore, there are more details to be discovered in future research. On the one hand, it is still unclear why MSU crystal deposition forms in some joints, soft tissues, or skeleton regions of individuals with or without gout. There must be some factors in the microenvironment of the specific location that promote the deposition of MSU crystal. Examples are temperature, pH level, concentration of ions, and proteins all of which may also be influenced by interactions with each other [33] . On the other hand, it is currently not known whether the deposition of MSU crystal at different positions makes sense in the course of the disease. Indeed, some studies have indicated that silent deposition of MSU crystal in asymptomatic hyperuricemia patients is associated with more severe coronary calcification [20] . Interestingly, we also found that, in patients with AxSpA, the presence and volumes of MSU crystal at the sacroiliac joints were statistically different when grouped by radiographic grade, but not at the hip joint, pubic symphysis, or pelvis.
Previous studies have shown that smoking status, alcohol use, HLAB27 positivity, CRP, poor responsiveness to NSAIDs, and inflammation at magnetic resonance imaging (MRI) of the sacroiliac joint could predict the radiographic sacroiliitis progression in patients with AxSpA [34] [35] [36] . In this study, similar results were found, namely that disease duration, ESR, CRP, total back pain, PGA of disease activity, pain and swelling of peripheral arthritis, duration of morning stiffness, ASDAS scores, BASFI scores, and any use of biologic DMARDs were associated with the grade of sacroiliac joint damage in patients with AxSpA by bivariate analysis, apart from the presence and volumes of MSU crystal at the sacroiliac joint. Further, the ordinal logistic regression analysis also shows that the disease duration, BASFI scores, and volume of MSU crystal at the sacroiliac joint are associated with the structural joint damage of sacroiliac joints in patients with AxSpA when other potential factors have been adjusted.
Those results suggest that more attention should be paid to AxSpA patients with no response to antirheumatic therapy, especially in those with coexisting MSU crystal deposition. Additionally, it suggest that there might be some common pathogenesis or interacting mechanisms between AxSpA and MSU crystal deposition, which ultimately results in damage to the sacroiliac joint. On the one hand, the structural damage mentioned above occurs through alteration of physiological bone turnover with excessive osteoclast activation, which was abnormally regulated by the receptor activator of nuclear factor-κB (RANK), RANK ligand (RANKL), and the osteoprotegerin (OPG) signaling pathway [37, 38] . Although new bone formation evolving into ankylosis is an important feature of AxSpA, the process of inflammation and subsequent bone erosion also occurs synchronously [39] . Meanwhile, bone erosion was also recognized at some interface of MSU crystal deposition, which erodes the bone and cartilage to cause significant structural damage [23] . On the other hand, a large amount of common inflammatory and proinflammatory factors have been involved in the promotion of bone damage, such as tumour necrosis factor alpha, interleukin (IL)-1, IL-6 [40, 41] . Accordingly, our observation that volumes of MSU crystal at the sacroiliac joints are associated with the progress of radiographic grade at sacroiliac joints is consistent with the current understanding of the pathogenesis, but the exact interacting mechanism needs further investigation. There are several limitations of this study. First, the disease category for AxSpA includes classic AS and nr-AxSpA [1, 2] . A subgroup analysis has not been performed, due to the limited sample size. Second, structural damage grading at the sacroiliac joint was estimated by plain radiograph, according to the modified New York criteria [22] . The radiological scoring methods with CT [42, 43] , which has higher density resolution and repeatability, should be applied in the structural damage assessment. Third, this study is a cross-sectional analysis. Further prospective studies would be valuable to confirm the precise contribution of MSU crystal deposition to the structural damage of the sacroiliac joints in patients with AxSpA.
Conclusions
In summary, the present study reveals that large quantities of MSU crystal deposition detected by DECT have been found in AxSpA patients without coexisting gout. In addition, it provides further evidence that the MSU crystal deposition at the sacroiliac joint in those patients has been associated with the progress of radiographic grade at sacroiliac joints, apart from AxSpA duration and BASFI score. They were graded with a scale of 0, 0, II, III at the left sacroiliac joint and 0, I, II, III at the right sacroiliac joint, respectively, on plain radiographs
